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Computational Protein Design
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Fluorescent signal transduction by exploiting the hinge-
bending mechanism in periplasmic-binding proteins
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Electrochemical signal transduction
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dipeptide

Iron

Maltose
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Arabinose

Glutamine
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De Lorimier et al. (2002) 
Prot. Sci., 11:2655-2675.



Protein Bioelectronic sensing Optical sensing

0

0.2

0.4

0.6

0.8

1

0 0.2 0.4 0.6 0.8 1

1

2

3

4

5

6

7

8

9

440 460 480 500 520 540 560

[maltose] µM

Fr
ac

tio
na

l s
at

ur
at

io
n

+150 +250

5 10 15 20 30250
0.0

0.2

0.4

0.6

0.8

1.0

1.40
1.30
1.20
1.10

1.00

i (o
bs

.)/
i (b

as
el

in
e)

[maltose] µM

+150 +250 +300
Potential vs. Ag/AgCl (mV)

5 10 15 20 30250
0.0

0.2

0.4

0.6

0.8

1.0

1.02

1.01

1.00i (o
bs

.)/
i (b

as
el

in
e)

+200

Fr
ac

tio
na

l s
at

ur
at

io
n

Fr
ac

tio
na

l s
at

ur
at

io
n

[glucose] µM [glucose] µM

Potential vs. Ag/AgCl (mV)
+150 +200 +250

5 10 15 20 30250
0.0

0.2

0.4

0.6

0.8
1.04

1.03

1.02

1.01

1.00i (o
bs

.)/
i (b

as
el

in
e)

+100

Fr
ac

tio
na

l s
at

ur
at

io
n

[glutamine] µM [glutamine] µM

Glucose

GBP

Maltose

MBP

Fr
ac

tio
na

l s
at

ur
at

io
n

Glutamine

QBP

Fr
ac

tio
na

l s
at

ur
at

io
n

And all the others …
Marvin & Hellinga (1998) J. Am. Chem. Soc., 120:7-11
Marvin & Hellinga (2001) Proc. Natl. Acad. Sci. USA, 98:4955-4960
DeLorimier et al. (2002) Prot. Sci., 11:2655-2675



Computational design of ligand-binding sites

DEE:Looger & Hellinga (2001) J. Mol. Biol., 307:429-445. Electrostatics:Wisz & Hellinga (2003) Prot. 
Struct. Func .Genet.,47:344-356 .  Designs: Looger et al. (2003) Nature, 423:185-190.

Molten zone :~30 residues
6,12230 rotameric sequences

Evolving zone: ~12 residues
6,12212 rotameric sequences

Fixed zone

Docking zone: ligand with all rotational 
and translational degrees of freedom, 
106-108 poses 

Total combinatorial complexity:
10200-101000 rotameric sequences

Minimize: E(c,s) =ΣVdw(s,c,rij) +

ΣElec(s,c,rij) +

ΣHb(s,c,rij) +

ΣSolv(s,c,rij) +

ΣS (s) +
Hydrogen bond inventory

Conformation
Sequence



Computational design of 2,4,6-trinitrotoluene (TNT) receptors

Aromatic stacking > Aliphatic packing

Aliphatic 
packing

Hydrogen bonding:
Arg,Lys > Asn,Gln, Main-chain NH > Ser,Thr > water
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Signaling with designed receptors in the trz chimera

Dwyer, Looger, Hellinga (2003)

PNAS, 100:11255
Looger, Dwyer, Smith, Hellinga 
(2003) Nature, 423:185.



Rational mutations to increase thermal 
stability of TNTR3

T58V

T66V

T247V

Thermal melts of TNTR3, TNTR3_3M and WT RBP
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Periplasmic binding proteins from the hyperthermophile 
Thermotoga maritima 

(structural genomics of engineerable parts)

TM1839 periplasmic maltose-Bprt
TM0958 periplasmic ribose-Bprt
TM0114 periplasmic sugar-Bprt
TM0810 periplasmic sugar-Bprt
TM0595 periplasmic sugar-Bprt
TM1855 periplasmic sugar-Bprt
TM0432 periplasmic sugar-Bprt
TM0418 periplasmic sugar-Bprt

(Nelson et al, 1999)

anaerobic bacterium from
marine mud on vulcano island, Italy
optimal growth at 80°C



Cloning, characterization and crystallization of 
Thermotoga maritima RBP and MBP

Day 7Day 3Day 1

protein

Thermotoga maritima RBP & 
MBP proteins are expressed and 
purified by metal chelate and 
size-exclusion chromatography

Clone RBP & MBP gene 
from Thermotoga
maritima genome by PCR

Transform BL21 cells
plasmids into

Crystallization
(+1 week – 2 months)

Characterization (Day 10)

thermostability of T.m. RBP
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Solve structure by 
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Mary Dwyer biosensor design/sentinels/chiral separations/enzyme design
Shahir Rizk bio-nanomachines/biosensors
Malin Allert biosensors/enzyme design
Matt Cuneo sentinels/extremophiles/ppi design
Birte Hoecker enzyme design/extremophiles
Yaji Tsien engineered thermostability
Alex Miklos biosensors/chiral separations
Jeff Smith biosensors/sentinels
David Conrad glucose sensing/bio-nanotechnology
Robert de Lorimier biosensor design
Derek Jentz receptor design/ppi design
Loren Looger computational design
Shamil Shadikov molecular sensors/biomolecular interfaces
Jonathan Marvin conformational coupling/fluorescent biosensors
David Benson metalloprotein design/bioelectronic sensors
Kevin Sali glucose sensing protein
Chad Paavola biosensor scaffolds
Michael Wisz design of metalloenzymes/computational design
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